Objective. To reshape medical education about pain to present it as a population-based public health process as well as a neuron-centered phenomenon.
Introduction
As surveyed in a companion manuscript, pain is one of the most common patient complaints in both outpatient and inpatient practice. Recent global surveys of comparative disease burden [1] confirm that among developed countries, the major causes of disability (e.g., musculoskeletal disorders) reduce quality-adjusted life-years, in large part due to their associated pain. A 2011 monograph [2] published by the Institute of Medicine (IOM) echoes earlier observers [3] and organizations [4] in calling for pain to be considered a public health problem. Faculty of many health professional schools have begun to examine how formal curricula and other educational exposures such as clinical rotations may better prepare students to assess, diagnose, and manage pain [5, 6] .
The IOM monograph explicitly voiced concern about deficiencies of the current pain curriculum: "Despite the large role that care of patients with pain will play in their daily practice, many health professionals, especially the physicians, appear underprepared for and uncomfortable with carrying out this aspect of their work" [2] . To implement the findings of the 2011 IOM report, a National Pain Strategy [7] has been developed under the leadership of the National Institutes of Health. Education and training of health professionals is one of six foundational areas addressed in the National Pain Strategy.
Practicing medical professionals have likewise observed insufficient preparation in pain management in prelicensure students. Descriptions of this shortfall emphasize the need to improve clinical competencies such as relational skills [8] more than knowledge of the basic sciences [9] . Murinson and colleagues illustrated the importance of the former competencies through a survey of pain medicine leadership within the Student Education Subcommittee of the American Academy of Pain Medicine [10] . In that survey, experts in the field of pain medicine identified the five most important aspects of pain education as "awareness of acute and chronic pain, skillfulness in clinical appraisal, promotion of compassionate practices, displaying empathy toward the patient, and knowledge of terms and definitions for substance abuse."
A relatively unexplored yet promising approach to advancing medical curricula involves active engagement of students as educational partners with faculty [11] . In contrast to the conventional collection of student evaluations at the end of each course, term, or upon graduation, followed by the analysis of this data by faculty, such an approach allows for a more efficient, timely, and in-depth appraisal of strengths, weaknesses, opportunities, and gaps as perceived by students fresh from their earlier experience and on the threshold of licensure. Attributes of student-partnered or student-led curricular design that build upon students' energy, creativity, openness to change, and valuing relationships with patients and with each other [12] are well suited to studies of pain, given its intersubjective and socioemotional nature [13, 14] and the importance of clinician empathy in its management [15] .
A companion paper [16] describes the process of and results from a detailed inventory of pain-related preclinical curricular content in our medical school. This inventory was the first part of a broader effort to deconstruct the curriculum and reconstruct it so as to make it more relevant to clinical practice. Our goal as faculty was to balance the traditional presentation of pain as originating at the cellular level [17] with a public health, populationbased description of pain that emphasizes its social, cultural, and psychological determinants [18] and their clinical manifestations. In this paper, we present the next stage of this ongoing project: a student-led survey of pain-related attitudes and self-reported knowledge gaps among graduating seniors and a needs-based proposal for curricular redesign. Accordingly, in the portions of this manuscript emphasizing early phases of this long-term project, "we" refers most often to the faculty mentors (YSB, DBC). In other portions referring to student-faculty collaboration in later phases of the project, "we" refers to the students and faculty together.
Methods
Using the broad strategy described in the widely applied Kern model of medical curricular development [19] , we approached our effort across six phases. As Kern et al. have noted, the process does not always progress in a sequential, linear fashion across these phases; at times, two or more phases may occur concurrently. This was the case with our effort; we present separate phases for the sake of narrative clarity. The companion manuscript reports on phases 1 (Problem Identification and General Needs Assessment) and 2 (Targeted Needs Assessment). Therefore, we begin now with phase 3 (Goals and Objectives).
Phase 3: Goals and Objectives
Tufts has long provided opportunities for teaching by fourth-year medical students to enhance their competence as medical educators. Such opportunities include serving as small group facilitators of the first-year students' interviewing course and first-and second-year students' problem-based learning courses. This teaching opportunity includes several fourth-year opportunities in medical education, generally comprising one or more one-month rotations that allow students to systematically examine the educational process and refine their medical teaching skills.
Within this institutional context, our long-term goal is to develop a coherent, multiyear pain curriculum that balances a biomedical, cellular perspective with a population-based one. To achieve this, our immediate goal was to offer a one-month pain education elective for fourth-year medical students as a vehicle for this curricular analysis and reconstruction. The initial offering of this elective took place in Spring 2014. We viewed this elective as an opportunity for faculty and medical students nearing graduation to collaborate. To facilitate detailed planning for this elective, a second-year medical student (RAL) and graduate student (BM) worked with faculty (YSB and DBC) to develop this elective and to create an educational progression supported by a set of readings across a range of pain education topics.
Students enrolled in this elective would have the opportunity to reflect on their experiences across the medical school curriculum, describe what had been taught well, and indicate perceived gaps.
The objectives formulated through this student-faculty collaboration were to:
• Using selected readings and seminar discussions, survey the literature on nociception and the pain system, including recent literature emphasizing the importance of social interactions for the experience and report of pain.
• Review findings from social and affective neuroscience related to the pain experience.
• Review the detailed inventory of the medical school curriculum as a basis for proposing topics and areas that should be introduced in light of the above research.
• Survey published literature on the development of pain-related curricula (including interprofessional) in other institutions.
• Observe clinical encounters in several pain treatment centers.
• Describe our medical school's current pain curricular content across all four years, characterizing its elements and available courses so as to identity gaps. In so doing, optimize the progression of content and expected competencies across courses.
• Based upon the above activities supplemented by published information, 1. propose an alternative sequence for pain-related themes across the medical school curriculum, and 2. draft a syllabus for a new third-year elective on chronic pain.
Phase 4: Educational Strategies
During this elective rotation, these students worked closely with faculty (YSB, DBC) to explore the phenomenon of pain from a sociopsychobiological perspective as opposed to the traditional biopsychosocial one. The rotation included seminars, lectures, and reading assignments with articles that addressed the social context of pain, social neuroscience and the neurobiology of pain, and pain education (see Appendix A for the initial reading list 
Phase 5: Implementation
Two students (NPW, APT) enrolled in this new fourthyear educational elective. Both were then awaiting the results of the residency match, one in family medicine and the other in surgery. Both shared an undergraduate background in neuroscience, and both were initially curious as to whether this elective would primarily focus upon theory vs practice and how they would be able to contribute to advancing the pain curriculum. During this elective, we further examined the existing pain curriculum using the inventory prepared during phase 2, supplemented by reflections from the personal experiences of the two fourth-year students in order to develop potential refinements to the curriculum.
Phase 6: Evaluation and Feedback
The students quickly grasped the educational need addressed by this fourth-year elective. Their eagerness to address this need was manifest in the quality of the comprehensive white paper they prepared and in the onemonth extension by one student (NPW), who withdrew from a previously scheduled elective month to do so.
During this student's second month, she and faculty (YSB, DC) prepared and administered a survey assessing knowledge and attitudes toward pain in their 2014 graduating fourth-year medical class. The survey began by soliciting demographic information (age, gender, medical specialty) and their experiences related to pain education and research prior to entering medical school. Additional questions using a Likert scale addressed students' confidence in particular skills (1 ¼ not confident, 4 ¼ very confident), knowledge in pain topics (1 ¼ poor, 4 ¼ excellent), thoughts on the existing Tufts pain curriculum (1 ¼ strongly disagree, 6 ¼ strongly agree), and attitudes toward pain medicine and pain patients (1 ¼ strongly disagree, 7 ¼ strongly agree).
The attitudinal questions were further divided into two subscales, both adapted from prior literature by pain educators associated with the Texas Cancer Pain Initiative. The first was the Orientation to Chronic Pain Patients (OCPP) scale [20] , which measures negative stereotypical attitudes toward chronic pain patients, professional satisfaction when working with chronic pain patients, and therapists' anticipation of success when treating chronic pain. The second was the Fear of Patient Addiction (FPA) scale, developed to assess prescriber fear of patients becoming addicted to opioids [21] .
After approval by the Institutional Review Board, the survey was distributed to members of the 2014 graduating medical student class. To ensure respondent anonymity, a link in the recruitment e-mail redirected participants to a separate web page in Survey Monkey. This survey is shown in the Supplementary Material.
Results
As a framework for interpretation of the results, a schematic of Tufts' preclinical medical curriculum is presented in a companion manuscript that describes the inventory phase of this project [16] .
Curriculum Development
Concurrent with the preclinical curriculum inventory, the working group (comprised of faculty [YSB, DBC] and students [RAL, BM]) developed a fourth-year, monthlong elective rotation. A revised reading list (see Appendix B) was designed specifically for fourth-year medical students, assuming an already substantial knowledge base in neuroscience, neurology, and biological aspects of pain. The list supplemented this knowledge with areas of research that students were less likely to have been exposed to and journal articles on social neuroscience and sociological and psychological aspects of pain. The elective schedule allotted unstructured time for the group discussion and reflection that is important for retention of information and new attitude formation [22, 23] . This elective course was again offered the following year, 2015.
Students in the elective spent at least two days a week in one of several Boston-area pain clinics, being exposed to the complex pain experiences of patients and having the opportunity to discuss their experiences in a classroom setting with mentoring faculty, providing an "experiential curriculum" [24] . The course was designed to allow the fourth-year students to examine how pain was taught in their own curriculum; the students were encouraged to develop a white paper detailing a curriculum map ( Figure 2 ) and include specific suggestions for incorporating pain education in different units and subjects. For each existing course in the medical curriculum where pain is relevant, the white paper described specific ways in which pain could be reframed through a population-based perspective. It outlined specific objectives to be added to courses in both the preclinical and clinical years to address curricular gaps identified earlier. Finally, it described plans, materials, and resources for an additional third-year Pain Medicine elective and another fourth-year Pain Education elective. This institution-specific white paper was shared with the Tufts University School of Medicine (TUSM) curriculum committee. As the month progressed, the relationship between student and preceptor shifted from novice and expert in pain medicine to supportive collaborators in curricular change. Through seminars, discussions, and clinical observation, the students' perception of the purpose of this elective grew in sophistication from filling knowledge gaps to addressing a fundamental need to balance curricular perspectives on pain.
One student (NPW) extended the pain education elective for another month as a directed study rotation.
During this second month, she worked with faculty to implement some of the more easily achievable curricular changes proposed in the white paper. As NPW had chosen family medicine as a career, she also developed materials to be incorporated in a required third-year core clerkship in Family Medicine [23, 25] . focused on students gaining clinical competency, deepening their understanding of the experience of pain for the individual and broadening their awareness of the public health implications of pain. We also created pocket cards for the students on pain management options including both pharmacologic and nonpharmacologic modalities. These cards have the potential to serve as the basis for a mobile app for students to access during and after their time at Tufts.
Survey of Graduating Medical Students
The four principal categories assessed in the survey were attitudes toward patients with chronic noncancer pain; confidence in managing varied types of pain using diverse modalities (e.g., self-efficacy); self-rated knowledge of various aspects of pain ranging from physiology to management modalities to financial and social costs; and how well the entire four-year curriculum had provided them with the knowledge and skills to manage patients with various types of pain. Administration of the survey was organized (by NPW and YSB) during the first year that this elective course was offered and analyzed in detail (by CO and YSB) during its second year. Of the 200 graduating fourth-year students who received the survey, 104 responded, of whom 95 fully completed all questions.
Among the key findings were that student attitudes toward patients with chronic noncancer pain included discomfort and a relative lack of optimism regarding the outcomes of their treatment of such patients (see Figure  3 , A and B).
Regarding their confidence in managing pain, a majority of students felt confident or very confident in regard to acute pain, including prescribing opioids when doing so ( Figure 4 , A-D). In contrast, only a minority described themselves as confident when managing chronic pain, including prescribing opioids, and none described themselves as very confident in overall pain management or the prescribing of opioids. When asked to rate their confidence in several specific aspects of practical pain treatment such as when to refer patients with pain for surgical evaluation or invasive therapies, or in applying complementary, behavioral, or rehabilitative methods, in each case a clear majority described themselves as not confident or only somewhat confident ( Figure 5 , A-D).
The above differences in confidence with managing acute vs chronic pain were paralleled by student ratings of how well the curriculum had prepared them to manage patients with these two conditions ( Figure 6 , A and B). Differences in the distribution of responses concerning acute vs chronic pain indicated they felt better prepared to manage the former than the latter. Consistent with this global evaluation of their four-year curriculum, 81 of 93 student respondents (87%, including somewhat agree, agree, and strongly agree) felt they could have benefited from "more teaching about chronic noncancer pain as its own disease entity."
Discussion
Medical education related to pain management is of increasing interest worldwide. In contrast to a previous I am almost always more opƟmisƟc when treaƟng any other paƟent than when treaƟng a chronic pain paƟent.
I look forward to treating chronic pain patients in my practice. focus on biomedical processes, often at a cellular level, recent efforts to advance this field have emphasized social aspects of pain including characteristics such as empathy and compassion in the therapeutic relationship [10, 18, 26] . The 2011 IOM report declared that "education is a central part of the necessary cultural transformation of the approach to pain" [2] . Recommendation 4-2 of this report was a call to "improve curriculum and education for all health care professionals" [2] , a goal that has been adopted and operationalized by the National Pain Strategy [7] .
As described in a companion paper [16] , our initial inventory of our preclinical (years 1 and 2) medical school curriculum disclosed an early emphasis on nociceptive transduction and signaling mechanisms followed by minimal attention to the social and multidimensional nature of pain. Overall, pain-particularly chronic painwas presented as a symptom of other conditions rather than as a disease entity per se [27, 28] . Chronic pain was often discussed together with drug abuse and addiction. Figure 5 (A-E) When asked to rate their confidence in several specific aspects of practical pain treatment such as when to refer patients with pain for surgical evaluation or invasive therapies, or in applying complementary, behavioral, or rehabilitative methods, in each case a clear majority described themselves as not confident or only somewhat confident.
The next phases of our project-planning and implementation-recruited a pair of students (NPW and APT). Collaborating with them produced a white paper presenting the rationale for the curricular redesign and specifics as to how to accomplish this without altering the total number of class hours devoted to pain. The specifics included the identification and adaptation of clinical cases already in use in the third-year required clerkships, a newly prepared representative teaching module for use in the existing required third-year clerkship in Family Medicine, and the preparation and implementation of a survey of graduating fourth-year medical students. Our survey found that a majority of graduating medical students felt confident or very confident as regards acute pain, but had less confidence about-and negative attitudes toward-patients with chronic pain. They did not look forward to treating the latter patients and were not optimistic about their likely clinical outcomes. Students also reported lacking confidence in managing and prescribing opiates for chronic pain but were generally confident in using them for acute pain. The students lacked confidence in knowing when to seek outside help to manage pain. These attitudes and lack of confidence may stem from gaps in the existing curriculum as identified by respondents. Students reported that the curriculum prepared them well to talk about pain with patients in a compassionate and empathetic manner and to treat acute pain, but not chronic pain. Substantial opportunities for improvement in pain-related attitudes, beliefs, and selfreported competencies evident from our questionnaire mirror those reported by other medical educators in North America [5, 6, 8] and Europe [29] .
While the timing of our efforts raises a theoretical concern that the initial cohort of fourth-year students in our pain education elective proceeded in advance of having surveyed their classmates, we do not view this as a practical concern. First, the primary driver of the initial redesign was the detailed inventory accomplished over the prior two years, as described in the earlier companion paper [16] . Second, the survey results, once available, were used to guide ongoing refinement of the curricular redesign and the fourth-year pain elective in subsequent years.
Limitations of our study include its potentially limited generalizability to inform change at institutions in other settings (e.g., geographic, urban vs rural) or serving different populations (e.g., racial, ethnicity, age, culture). Further, medical student interest in pain-related issues may well be increasing as a consequence of the recent epidemic of widespread opioid misuse and abuse. This crisis has prompted numerous governmental and professional organizations to call for (among other strategies) improved medical education as a means to decrease reliance on opioid analgesics for long-term pain management [30] .
Conclusions
Many educators have observed that pain is given insufficient attention in the medical curriculum relative to its substantial clinical and societal burden. The facultystudent collaboration described herein showed that there are areas in the curriculum where a strengthened competency-based education could be implemented to increase students' practical ability to manage I believe the existing curriculum has prepared me well to manage and treat acute pain.
I believe the existing curriculum has prepared me well to manage and treat chronic pain. Figure 6 (A and B) The above differences in confidence with managing acute vs chronic pain were paralleled by student ratings of how well they believed the curriculum had prepared them to manage patients with these two conditions.
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patients with pain. The results of our survey of graduating students-limited as it is by its one-time application and inclusion of questions that had not been validated-suggest that they would welcome enhancement of the curriculum in this fashion. We further identified opportunities across the medical curriculum to achieve this enhancement in a credit hour-neutral fashion. These opportunities reveal how much progress is still needed to present a more patientcentered, experiential perspective, despite educators' and clinicians' calls for doing so, particularly with respect to chronic pain [10, 13, 31, 32] . Further progress in this innovative project presently involves the preparation and longitudinal integration of additional teaching materials that address the preclinical and clinical needs identified in the survey reported herein, as well as curricular gaps identified through a detailed inventory, as reported in a companion paper [16] . To achieve this, we will rely on future student input, advances in the field of pain-related medical education, and the public health framework in which we have provided interprofessional pain education though our graduate education program on pain research, education, and policy [33] .
Inspired by others' pioneering educational efforts described in the Introduction and Discussion sections above, the application and tailoring of strategies to existing local resources such as described herein may help achieve the broad vision of the National Pain Strategy [7] that "all people with pain. . .receiv[e] needed preventive, assessment, treatment, and selfmanagement interventions." Curricular inventories and redesign for tomorrow's medical students can improve the future of pain-related care by ensuring that all clinicians have competencies in comprehensive assessment of patients with pain; formulation of timely, individualized yet evidence-guided safe and appropriate treatment plans; and shared decision-making facilitated by knowledge-based communications skills.
Taken together with our companion paper describing a detailed inventory of the preclinical medical student pain curriculum, it is striking how relevant the words of the Roselyne Rey, the French historian of pain, remain: "[Pain] as an object of scientific interest went unrecognized for a long time and for a variety of frequently contradictory reasons: deemed the inevitable accompaniment of illness, pain was usually acknowledged and then relegated to a place of secondary importance, rather than studied for its own intrinsic qualities. [This orientation], where greater energy is expended to take care of the illness rather than to care for the patient. . .became increasingly prevalent with medicine's growing successes" [34] . The major task now facing medical education is to restore balance to the patientcentered vs illness-centered approaches to the prevention and treatment of pain. Week 1 serves as an introduction to most of the themes the class will be addressing. The first two articles introduce the problems of pain education and chronic pain management, hopefully making apparent to students how important this area is. I think Menon, paired with Berhardt, is an important series to start with as much of the subsequent social neuroscience articles build on the ideas presented. Finally, Eisenberger is here to explicitly draw attention to the social aspects of pain in the first week and lead to Price on the second. This survey will ask you about your knowledge and experiences with pain education and pain patients. The purpose of the study is to collect data that may inform us about ways to improve the pain curriculum.
The survey should take about five to seven minutes. Your participation in this survey is entirely voluntary, with no bearing upon medical school grades, credits, or graduation. There is no compensation or cost for participation.
There is a small risk of loss of confidentiality. However, you will not be asked to provide your name on the survey; thus participation is completely anonymous. Data will be pooled during analysis so that no identifying demographic factors point toward any individual.
There is no risk to your standing as a student by participating in this study. Potential benefits include greater student awareness of student's own knowledge, limitations, and satisfactions in contributing to improvements in the TUSM curriculum. Future benefits for others include changes in the pain curriculum based off results that may result in improved future TUSM student learning in pain management and subsequently enhance the care of patients with pain. We thank you in advance for your participation.
Q1: Please answer the following demographic questions:
Age (1) Gender (2) Ethnicity ( Q4: Using the scale below, rate your level of agreement/disagreement with the following statements pertaining to attitudes toward chronic noncancer pain: Creating comprehensive interdisciplinary management plans for chronic pain (5) Supporting patients to develop greater self-efficacy in managing their pain (6) Compassionate and empathetic interviewing of pain patients (7) Prescribing opiates for acute pain (8) Prescribing opiates for chronic pain (9) Talking to patients about the benefits and harms of opiates (10) Differentiating drug seeking vs actual need for opiate medications (11) Knowing when to seek surgical treatments for pain (12) Knowing when to seek interventional treatments for pain (13) Using complementary alternative medicine to manage pain (14) Using behavioral health to manage pain (15) Using rehabilitation to manage pain (16) Q6: Using the scale below, rate your level of knowledge in the following topics:
Poor (1) Fair ( (5) Medication management of pain (e.g., TCAs, antiepileptics, anesthetics, steroids, opiates, NSAIDs, etc.)-consider medication type, dosing, and side effects (6) Interventional managements of pain (e.g., radiofrequency ablations, epidural injections, trigger point injections, facet injections, etc.) (7) Surgical managements of pain (e.g., discectomy, spinal fusion, etc.) (8) Complementary medicine managements of pain (e.g., TENS unit, biofeedback, acupuncture, etc.) (9) Psychological and behavioral management of pain (e.g., CBT, groups, etc.) (10) Rehabilitation management of pain (e.g., PT, exercise, etc.) (11) o Peachman RR. Parenting through chronic physical pain. The Atlantic. January 6, 2014. 
